Contribution of protein conformation to heme stereochemistry and reactivity. Low-temperature magnetic circular dichroism data.
Visible and near infrared magnetic circular dichroism (MCD) spectra of heme proteins and enzymes as well as those of a protein-free heme bound to 2-methylimidazole were recorded and compared at 4.2 K in unrelaxed metastable and relaxed equilibrium heme stereochemistry. The relaxed and unrelaxed stereochemistries of a 5-coordinate ferrous heme were generated by chemical reduction of iron at room temperature before freezing the sample and by photolysis of CO or O2 complexes at 4.2 K, respectively. The results are discussed in terms of a protein contribution into energies of the Fe-N epsilon(His) and Fe-N(pyrrols) bonds and their change on a ligand binding. We observed and analyzed cases of weak (myoglobin, hemoglobin) and strong (leghemoglobin, peroxidases) constraints imposed by the protein conformation on the proximal heme stereochemistry by comparing the bond energies in proteins with those in the protoheme-(2-methylimidazole) model compound. The role of a protein moiety in modulating the ligand binding properties of leghemoglobin and the heme reactivity of horseradish peroxidase is discussed.